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Precipitation Runoff Modeling System (PRMS) variables which must be written to the PRMS animation file to be used as input by P2S. 
Introduction
The importance of effective stream temperature modeling, related to determination of suitability and management of ecological habitat, has been demonstrated in several studies (for example, Brown, 1969; Flint and Flint, 2008; and Gaffield and others, 2005; Perry and others, 2011; Sinokrot and Stefan, 1993) . Likewise, watershed hydrology models have been used to project the hydrologic response of watersheds to a variety of changing climatic and land-use scenarios (for example, Hay and others, 2011; Markstrom and others, 2012). P2S combines these two approaches by coupling the Precipitation-Runoff Modeling System (PRMS) and Stream Network Temperature (SNTemp) simulations models. These two models are described below.
Markstrom and others (2008, p. 4) describe PRMS as a modular, deterministic, distributedparameter, physical-process watershed model used to simulate and evaluate the effects of various combinations of precipitation, climate, and land use on watershed response. Response to normal and extreme rainfall and snowmelt can be simulated to evaluate changes in water-balance relations, streamflow regimes, soil-water relations, and groundwater recharge. Each hydrologic component used to model the generation of streamflow is represented within PRMS by a process algorithm that is based on a physical law or empirical relation with measured or estimated characteristics ( fig. 1 ). Because PRMS is usually operated in a daily time step, the streamflow time of travel within a watershed should be less than 24 hours. However, for larger watersheds that have longer travel times a stream routing component can be used. The reader is referred to Leavesley and others (1983) , Leavesley and Stannard (1995) , Leavesley 
Purpose and Scope
This report describes P2S version 1.0 and serves as the user's manual. This report describes where to get P2S and how to install it. The design concepts of P2S are presented. The steps required to execute P2S in the correct order are presented. This report is not intended as instruction for application development of PRMS or SNTemp, as these models are already documented.
Installation Instructions
The latest version of P2S is available from the P2S Web page (http://water.usgs.gov/lookup/get?crresearch/p2s, accessed April 2012) and is distributed as a zip file. About 100 megabytes of disk space are required for installation, but large applications will require much more disk space for data. This installation includes libraries, source code, startup scripts, and example datasets. Unzipping the distribution file is all that is required for installation of P2S.
In addition, P2S requires working installations of the current version of the PRMS software (http://water.usgs.gov/lookup/get?crresearch/prms, accessed March 2012) and either the SNTemp software (http://www.fort.usgs.gov/products/software/SNTEMP, accessed March 2012), as originally distributed, or a modified version, as described in the "Modifications to SNTemp for P2S" section in this report.
Design of P2S
P2S is implemented as loosely coupled software ( fig. 3 ). There are three basic steps: (1) the user executes PRMS first, simulating daily streamflow, components of flow, solar radiation, and air temperature at each stream segment in the stream network; then, (2) the user executes P2S, which reads the output files produced by PRMS (in step 1) and creates the SNTemp input files; and finally, (3) the user executes SNTemp, with the files created in step 2, which simulates the mean daily and maximum daily temperature for each stream segment in the stream network. More details about these steps are provided below in the "P2S Execution" section of this report. 
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Modifications to SNTemp for P2S
The version of SNTemp distributed with P2S is identical to the version available from the SNTemp Web site (http://www.fort.usgs.gov/products/software/SNTEMP, accessed March 2012) except for two modifications to the Fortran source code. The first modification is that some of the array sizes have been increased to accommodate larger stream networks. The second modification allows for mean daily and maximum daily in-stream temperature to be printed for every stream segment, for every simulated time step, to an output file, in standard PRMS format. Thus, the same analysis and visualization tools can be used on PRMS and SNTemp output files.
Limitations and Assumptions
Anytime existing simulation models are coupled, as they are with P2S, the resulting synthesis will exhibit all of the limitations and assumptions of the original simulation models. However, in the case of P2S there may be more issues related to differences in how the two models (PRMS and SNTemp) are using common information differently. For example, although SNTemp makes adiabatic adjustments to the climate input data based on the elevation difference between the climate station and each segment, it still uses only a single climate station for the entire river configuration. PRMS, on the other hand can use numerous climate stations, and it also makes adiabatic adjustments that can be different from the way SNTemp makes adiabatic adjustments. [Pages II-29 and II-30 in Theurer and others (1984) contains information about the SNTemp adiabatic adjustments].
P2S Execution
These are the required steps to run PRMS and SNTemp in a coupled fashion, using P2S: 1. Install the PRMS, SNTemp, and P2S software packages. 2. Develop and calibrate the PRMS model application for the study watershed. This application requires the Muskingum module and all of the additional input defined by tables 1 through 3. 3. Make the PRMS simulation which corresponds to the historical, current condition, climate, or land-use projection of interest. Make sure that the required output variables, basin_temp (basin area-weighted air temperature) and basin_potet (basin area-weighted average of potential shortwave solar radiation), are written to the PRMS Statvar File and the PRMS Animation File ( fig. 4) . Add the required attributes for SNTemp (table 2) . This includes information about stream segment topology, geometry, and vegetation. The specific steps required to add the information to the map is described below in the "Making the Stream Segment Map" section of this report. 
Steps for Making the Stream Segment Shapefile
These are the steps required to make the stream segment shapefile using ArcMap. This shapefile is required for step 5 above in the "P2S Execution" section of this report.
1. Get the stream network shapefile used for the PRMS model. 2. Open the attribute table and sort on GRID_CODE. This is the stream segment identifier (ID). The goal is to make these go from one to the total number of segments, one (and only one) row for each segment. 3. Move down through the attribute table looking for multiple polylines with the same GRID_CODE. Merge these polylines into one poly line with the appropriate GRID_CODE. Pay attention to FROM_NODE and TO_NODE, as the network topology (which segments are connected together and direction of flow) is important. 
Introduction
This appendix describes the inputs and outputs, equations, computations, references, assumptions, and limitations of the new PRMS modules that were developed for this study. Each described module is encoded as a Fortran 90 source code file.
Styles and Formats
The following font styles and formats are used in this Appendix:
• Module variables are identified 12-point, italic, Times font.
• Module parameters and dimensions are identified 12-point, bold, Times font.
• Constants are identified using upper case 12-point, bold, Times font.
• Module names are identified in 12-point, Courier font.
Muskingum Routing Module: muskingum
The muskingum module was originally developed for the Precipitation Runoff Modeling System (PRMS) by Mastin and Vaccaro (2002) and developed further by Markstrom and others (2008) . This module has been modified from past versions to make it more stable for stream network routing in watersheds with stream segments with varying travel times. Although this module runs on the same daily time step as the rest of the modules in PRMS, it has an internal structure which allows for a different computational time step for each segment in the stream network, ensuring that the simulation produces stable values. Flow values computed at these finer time steps are aggregated by the Muskingum module to provide consistent daily time step values, regardless of the segment length. This module should be used for streamflow routing when PRMS is coupled to SNTemp with P2S. The input parameters used by the muskingum module to compute flow are defined in table A1-1. The computed variables are defined in table A1-2. All equation symbols used in this section are defined in these two tables. 
Assuming that the average flow during a routing period is equal to the average flow at the start and end times of the routing period, the continuity equation can be expressed as: 
